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(54) Motor start-up circuit 



(57) A motor start-up circuit is incorporated in a 
motor-driving circuit provided with an auxiliary coil (2) 
which operates during a start-up time of the motor (1) 
and a main coil (3) for a steady-state operation of the 
motor (1). The start-up circuit in one form has a start-up 
thermistor (4) with positive temperature characteristic 
and a Triac switch (7) connected in series with the aux- 
iliary coil (2) and a triac-controlling thermistor (8) with 
positive temperature characteristic connected in parallel 
to the start-up thermistor (7), and one of the terminals of 
the triac-controlling thermistor (8) is connected to the 



gate (G) of the Triac switch (7). The start-up circuit in 
another form has a Triac switch connected in series with 
the auxiliary coil and a triac-controlling thermistor with 
positive temperature characteristic connected in parallel 
to the auxiliary coil and the Triac switch and one of the 
terminals of the triac-controlling thermistor is connected 
to the gate of the Triac switch. In both forms, the triac- 
controlling thermistor has resistance 300 - 3000 SI at 
25°C and volume of 30 - 60 mm 3 and doubles its value 
of resistance at 25°C at 70 - 125°C. 
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Description 

eapHqfPMntiofthe Invention 

This invention relates to a motor start-up circuit and 
more particularly to the characteristics and specifica- 
tions of a thermistor with positive temperature charac- 
teristic used in such a circuit. 

Fig. 9 shows a prior art motor-driving circuit for a 
motor 1 such as a single-phase induction motor used in 
the compressor of a refrigerator, comprising an auxiliary 
coil 2 which functions at the time of the start-up of the 
motor 1 and a main coil 3 for its steady-state operation. 
The motor start-up circuit for incorporating into such a 
motor-driving circuit usually includes a thermistor with a 
positive temperature characteristic (PTC) 4 connected 
in series with the auxiliary coil 2 for the motor start-up. 

A power source 6 is connected to the motor 1 
through a switch 5. During an early stage of the motor 
start-up after the switch 5 is closed and power from the 
source 6 begins to be supplied to the motor t, a rela- 
tively large current flows through the PTC thermistor 4 
to the auxiliary coil 2 to start up the motor 1 . After a cer- 
tain period of time, the resistance of the PTC thermistor 
4 increases due to the heat it produces, and the current 
flowing through the auxiliary coil 2 is thereby reduced. 

The resistance of the thermistor, however, does not 
become infinitely large. As a result, some unwanted cur- 
rent continues to flow through the PTC thermistor 4 to 
the auxiliary coil 2 even after the start-up of the motor 1 , 
wasting several watts of electric power. 

Japanese Patent Publication Tokkai 6-339291 dis- 
closed a method of solving this problem to a certain 
extent According to this method, as shown fn Fig. 1 
which uses the same numerals as in Fig. 9 to indicate 
the same or equivalent components for convenience, 
the auxiliary coil 2 is connected in series not only with a 
PTC thermistor for start-up ("the start-up PTC thermis- 
tor") 4 but also with a Triac switch (herein referred to 
simply as a "triac") 7. Another thermistor with positive 
temperature characteristic ("triac-controlling PTC ther- 
mistor) 8 is connected in parallel with the start-up PTC 
thermistor 4, one of the terminals of this triac-controlling 
PTC thermistor 8 being connected to the gate G of the 
triac 7. 

When power from the source 6 is supplied to the 
motor 1 at the time of its start-up, a trigger signal is 
applied to the gate G of the triac 7 through the triac-con- 
trolling PTC thermistor 8, putting the triac 7 in the cur- 
rent-passing condition and allowing a motor start-up 
current to flow to the auxiliary coil 2 through the start-up 
PTC thermistor 4. A certain period of time after the 
start-up of the motor 1, the resistance of the start-up 
PTC thermistor 4 increases due to the heat generated 
by itself and the current through the auxiliary coll 2 is 
thereby reduced. At the same time, the resistance of the 
triac-controlling PTC thermistor 8 also increases due to 
its own heat emission, thereby reducing the current to 
the gate G of the triac 7 and switching off the triac 7. 



A very small current will thereafter continue to flow 
through the triac-controlling PTC thermistor. Since the 
thermal capacity of the triac-controlling PTC thermistor 
8 can be made much smaller than that of the start-up 
6 PTC thermistor 4, however, the power required to keep 
it at a high-temperature, high-resistance condition is 
much less than that in the case of the circuit shown in 
Fig. 9. 

If a motor start-up circuit as shown in Fig. 1 is actu- 
10 ally used for the start-up of a motor in the compressor of 
a refrigerator with the ambient temperature allowed to 
change in the range of -10 to +100°C, however, there 
are often situations where it fails to dependably shut off 
the current within a specified short period of time (say, 
is about 1-10 seconds). When it is used outdoors in win- 
ter, for example, the heat-up time required for the triac- 
controlling PTC thermistor 8 to raise its resistance by 
the heat generated by itself may be considerably long, 
and the wasted power due to the motor noise and start- 
20 up may become quite high. The current may even fail to 
be shut off. 

If it is used under a high-temperature condition 
such as in summer or if it is attached to the compressor 
or used near the compressor, on the other hand, the 

a triac-controlling PTC thermistor 8 may be already in a 
heated-up condition or reach a heated-up condition 
before the motor is to be started up, failing to properly 
start up the motor. 

Japanese Patent Publication Tokkai 7-123759 dis- 

30 closed another technology whereby the time required to 
shut off the current to the auxiliary coil ("the shut-off 
time") can be kept constant independent of variations in 
the ambient temperature. Fig. 10 shows a motor-driving 
circuit incorporating a motor start-up circuit according to 

35 this technology. In Fig. 10, the components which are 
the same as or equivalent to those shown in Fig. 9 are 
indicated by the same numerals and are not repetitively 
explained. 

According to this technology, as shown in Fig. 10, a 
40 triac 7 is connected in series with the auxiliary coil 2 and 
a triac-controlling PTC thermistor 8 is connected to the 
gate G of this triac 7. This triac-controlling PTC thermis- 
tor 8 is connected to a parallel connection of a correc- 
tion thermistor with positive temperature characteristic 9 
■45 and a correction-adjusting resistor 10, and this parallel 
connection is further connected to a current-limiting 
resistor 11. This series connection consisting of the 
triac-controlling PTC thermistor 8, the parallel connec- 
tion and the current-limiting resistor 11 is itself con- 
so nected in parallel with the auxiliary coll 2 and the triac 7. 
With the motor-start circuit thus structured, the par- 
allel connection of the correction thermistor 9 and the 
correction-adjusting resistor 10 serves to increase or 
decrease the current flowing through the triac-control- 
55 ling PTC thermistor 8 according to the changes in the 
ambient temperature such that its heat emission is con- 
trolled and the heat-up time of this triac-controlling PTC 
thermistor 8 will remain constant. By this method, there- 
fore, the length of time during which the triac remains in 
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the ON condition and hence a current continues to flow 
through the auxaiary coil can be kept approximately 
constant, independent of changes in the ambient tem- 
perature. 

The motor start-up circuit as shown in Rg. 10 is dis- 
advantageous in that it requires a relatively large 
number of components. Thus, it is costly and difficult to 
make it compact. It now goes without saying that a large 
number of components means there are additional 
problems to be considered regarding the reliability of 
their operations. 

If a triac is used as in the examples shown in Figs. 
1 and 10, furthermore, the difference in the gate sensi- 
tivity of the Mac depending on the trigger mode gjves 
rise to a so-called half-wave period as illustrated In Figs. 
11Aand 11B before thecurrent is completely shut off. If 
this half-wave period is too long (such as in excess of 3 
seconds), the motor may generate a beat noise or begin 
to pulsate in its rotary motion. 



It is therefore an object of this invention to provide 
an improved motor start-up circuit with which the prob- 
lems with prior art technologies can be overcome. 

This invention relates to a motor start-up circuit 
incorporated in a motor-driving circuit comprising an 
auxiliary coil which operates during a start-up time of 
the motor and a main coil for its steady-state operation. 
According to a first embodiment of the invention, the 
start-up circuit has a start-up thermistor with positive 
temperature characteristic and a triac connected in 
series with the auxiliary coil and a triac-controlling ther- 
mistor with positive temperature characteristic con- 
nected in parallel to the start-up thermistor, and one of 
the terminals of the triac-controlling thermistor is con- 
nected to the gate of the triac. According to a second 
embodiment of the invention, the start-up circuit has a 
triac connected in series with the auxiliary coil and a 
triac-controlling thermistor with positive temperature 
characteristic connected in parallel to the auxiliary coil 
and the triac and one of the terminals of the triac-con- 
trolling thermistor is connected to the gate of the triac. 
According to either of these embodiments, the triac- 
controlling thermistor should have resistance 300- 
3000Q at 25°C and volume of 30-60mm 3 and its resist- 
ance at 25*0 should double at 70-125«C. An additional 
resistor may be introduced to the circuit of either 
embodiment, connecting the gate of the triac with 
another terminal of the triac on the same side of the 
triac as the gate. More preferably, the triac-controlling 
thermistor should have resistance 1 000-2000n at 25°C 
and volume of 30-50mm 3 and its resistance value at 
25 0 C should double at 85-1 10°C. Throughout herein the 
temperature at which the resistance value at 25°C is 
doubled will be referred to as "the resistance-doubling 
temperature" and denoted by symbol CP in the figures. 



Brief Description of the Drawinos 

The accompanying drawings, which are incorpo- 
rated in and form a part of this specification, illustrate 
5 embodiments of the invention and, together with the 
description, serve to explain the principles of the inven- 
tion. In the drawings: 

Fig. 1 is a diagram of a motor-driving circuit incor- 
io porating a motor start-up circuit according to a first 
embodiment of this invention; 
Fig. 2 is a graph showing the relationship between 
the volume and the shut-off time of the triac-control- 
ling PTC thermistor 8 with the resistance-doubling 
is temperature equal to 70°C, used in the circuit 
shown in Fig. 1 when the ambient temperature is 
lOO'C; 

Rg. 3 is a graph showing the relationship between 
the volume and the half-wave period of the triac- 
20 controlling PTC thermistor with resistance-doubling 
temperature between 70°C and 125 6 C used in the 
circuit of Fig. 1 when the ambient temperature is - 
10°C; 

Rg. 4 is a graph showing the relationship between 

25 the resistance-doubling temperature and shut-off 
time of the triac-controlling PTC thermistor with vol- 
ume 30mm 3 used in the circuit shown in Fig. 1 
when the ambient temperature is 100 6 C; 
Fig. 5 is a graph showing the relationship between 

30 resistance-doubling temperature and the half-wave 
period of the triac-controlling PTC thermistor with 
volume 30 ■ 60mm 3 used in the circuit shown in Fig. 
1 when the ambient temperature is -10°C; 
Rg. 6 is a diagram of a motor-driving circuit incor- 

35 porating another motor start-up circuit according to 
a second embodiment of the invention; 
Rg. 7 is a diagram of a motor-driving circuit incor- 
porating still another motor start-up circuit accord- 
ing to a third embodiment of the invention; 

40 fig. 8 is a diagram of a motor-driving circuit incor- 
porating still another motor start-up circuit accord- 
ing to a fourth embodiment of the invention; 
Rg. 9 is a diagram of a motor-driving circuit incor- 
porating a prior art motor start-up circuit; 

45 Rg. 10 is a diagram of a motor-driving circuit incor- 
porating another prior art motor start-up circuit; and 
Rgs. 1 1 A and 1 1 B show waveforms of the current 
through the auxiliary coil shown respectively in 
Rgs. 10 and 1. 

50 

Throughout herein, those components which are 
the same or at least equivalent to each other are indi- 
cated by the same numeral and may not necessarily be 
explained repetitiously. 

55 

Detailed Description of the Invention 

Although Rg. 1 was referenced above as describ- 
ing the structure of a motor-driving circuit incorporating 
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a motor siart-up circuit described in Japanese Patent 
Publication Tokkai 6-339291 , it also represents a motor- 
driving circuit incorporating a motor start-up circuit 
according to a first embodiment of this invention. The 
circuit according to this invention represented by Fig. 1 
is characterized, however, not only as including a triac- 
controlling PTC thermistor 8 connected in parallel with 
the start-up PTC thermistor 4 and having one of its ter- 
minals connected to the gate Q of a triac 7, but also 
wherein its resistance at 25°C is between 300 and 
30000; its volume is between 30 and 60mm 3 and its 
resistance-doubling temperature is between 70 -125°C. 

When the switch 5 of this circuit is closed, a current 
("the gate current"} will start to flow to the gate G of the 
triac 7 through the triac-controlling PTC thermistor 8. 
The triac-controlling PTC thermistor 8 is at normal tem- 
perature during the start-up period of the motor 1 and 
since its resistance is still small, this gate current is suf- 
ficiently large to switch on the triac 7. As a result, the 
triac 7 is triggered every one-half cycle, and a current 
for starting up the motor 1 flows to the auxiliary coil 2 
through the start-up PTC thermistor 4. The motor 1 will 
be herein assumed to be a single-phase induction 
motor. 

After the motor 1 has been started up, and as the 
start-up PTC thermistor 4 has been heated up, the cur- 
rent flowing to the auxiliary coil 2 is reduced. The triac- 
controlling PTC thermistor 8 is also heated up in the 
meantime, making the gate current very weak, such that 
the triac 7 is no longer in the ON condition. Since no 
current is passed to the start-up PTC thermistor 4 in this 
situation, not only can unwanted waste of power can 
thus be prevented, but also the start-up PTC thermistor 
4 is cooled down and its temperature drops quickly to a 
normal level. 

A very weak current will continue to flow through 
the triac-controlling PTC thermistor 8 thereafter, but 
since the volume of the triac-controlling PTC thermistor 
8 is only 30-60mm 3 . being normally less than one fifth of 
that of the start-up PTC thermistor 4, toe waste in power 
can also be reduced to less than one fifth. In addition, 
the return time required until the motor 1 can be 
restarted can also be reduced significantly. If the resist- 
ance at 25°C of the triac-controlling PTC thermistor 8 is 
confined within the range of 300 to 3000ft its volume to 
the range of 30 - 60mm 3 and Its resistance-doubling 
temperature to the range of 70 - 125°C, furthermore, the 
current to the auxiliary coil 2 can be shut off within a 
period of 1 - 10 seconds as long as the ambient temper- 
ature remains between -10 and +100»C. 

Next, the aforementioned limitations on the charac- 
teristics of the triac-controlling PTC thermistor 8 will be 
explained more in detail. 

The volume of the triac-controlling PTC thermistor 
8 is between 30 and 60mm 3 according to this invention. 
The volume of the triac-controlling PTC thermistor 8 
and its shut-off time are in positive correlation, that is, 
the larger the volume, the longer its shut-off time. Fig. 2 
shows the relationship between the volume and the 



shut-off time of a triac-controlling PTC thermistor 8, of 
which the resistance-doubling temperature is 70°C, 
when the ambient temperature is 100°C (the upper limit 
of the range of temperature under which the use is con- 

5 femplated). In general, the heat-up process becomes 
faster and the heat-up time becomes shorter at higher 
temperatures. Fig. 2 shows that at 100°C the volume of 
the triac-controlling PTC thermistor 8 must be greater 
than 30mm 3 because the shut-off time becomes too 

w short and the motor 1 cannot be started up if the volume 
is less than 30mm 3 . 

Fig. 3 shows how the half-wave period changes as 
the resistance-doubling temperature of the triac-control- 
ling PTC thermistor 8 is changed between 70°C and 

)5 125°C when the ambient temperature is -10°C (the low- 
est limit of the range of temperature under which the 
use is contemplated). Because the time required to heat 
up Increases with the volume, the half-wave period and 
the volume are also positively correlated. The half-wave 

so period becomes longer as the ambient temperature 
drops. At -10"C, if the volume of the triac-controlling 
PTC thermistor 8 exceeds 60mm 3 , the half-wave period 
becomes excessively long and the motor will develop 
beat noise and pulsation in its rotary motion. 

ss This is why the volume of the triac-controlling PTC 
thermistor 8 is selected to be within the range of 30 - 
60mm 3 . Since the waste in power increases with the 
volume of the triac-controlling PTC thermistor 8, how- 
ever, the preferred range is 30 - 50mm 3 . 

so The value of the resistance-doubling temperature 
for the triac-controlling PTC thermistor 8 is within the 
range of 70 - 125°C according to this invention. Since it 
takes more time to heat up a PTC thermistor 8 with a 
higher value of the resistance-doubling temperature, the 

35 resistance-doubling temperature and the heat-up time 
of the PTC thermistor are in positive correlation. Fig. 4 
shows toe relationship between the resistance-doubling 
temperature and the shut-off time of the triac-controlling 
PTC thermistor 8 with volume 30mm 3 when toe ambient 

40 temperature is 100 e C. In general, the heat-up time 
becomes shorter as the ambient temperature 
increases. When toe ambient temperature is 100"C, as 
shown in Fig. 4, the shut-off time becomes too short and 
the motor 1 cannot be started up unless the resistance- 
's doubling temperature of the triac-controlling PTC ther- 
mistor is greater than 70*0. 

Fig. 5 shows the relationship between the resist- 
ance-doubling temperature and toe half-wave period of 
PTC thermistors with volume 30mm 3 to 60mm 3 when 

50 toe ambient temperature is -10°C. The resistance-dou- 
bling temperature and the half-wave period are in posi- 
tive correlation, but the half-wave period becomes too 
short, as shown in Fig. 5, and the motor develops beat 
noise and pulsation in its rotary motion if the resistance- 

55 doubling temperature of toe PTC thermistor exceeds 
125 4 C when toe ambient temperature is - 10°C. 

In view of all above, toe resistance-doubling tem- 
perature of toe triac-controlling PTC thermistor 8 is 
selected to be within the range of 70 - 125°C. Since toe 
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waste in power Increases as the resistance-doubling 
temperature becomes higher, it is desirable that the 
resistance-doubling temperature be lower than 1 1 0°C. 

As a practicaf matter, there are fluctuations not only 
in the resistance-doubling temperature and the volume s 
of the triac-controlling PTC thermistor 8 but also in the 
ambient temperature and the commercial power source. 
Thus, if the resistance-doubling temperature of the PTC 
thermistor is 70°C and its volume is 30mm 3 , Fig. 2 
shows that the shut-off time can change quite signifi- w 
cantly as a result of even a small fluctuation. This can 
give rise to a failure of the motor to start up. In view of 
such possibilities, the resistance-doubling temperature 
of the triac-controlling PTC thermistor 8 is preferably 
higher than 85 a C. is 

Next will be discussed the requirement thai the 
resistance at 25°C of the triac-controlling PTC thermis- 
tor 8 be in the range of 300 - 3000il After the volume 
and the resistance-doubling temperature of the triac- 
controlling PTC thermistor 8 have been selected as 20 
above, if the resistance at 25°C of the PTC thermistor 8 
is less than 300ft the gate current becomes too large 
when the voltage of the commercial power source 6 is 
high, and this may cause a damage to the triac 7. If it is 
larger than 3000$ on the other hand, the gate current 2s 
becomes too weak when the voltage of the source 6 is 
low and the triac 7 may fail to be switched on especially 
at a low ambient temperature. 

In view of the above, a PTC thermistor with resist- 
ance at 250C between 300fi and 3000£i is selected, so 
Since the waste in power tends to become low as the 
resistance at 25°C is increased, a triac-controlling PTC 
thermistor 8 with resistance greater than 1 000Q at 25°C 
is preferred. When a triac-controlling PTC thermistor 
with volume 30 - 60mm 3 is produced, it Is preferred to ss 
make its resistance at 25°C no greater than 2000Q from 
the point of view of limitations such as its specific resist- 
ance and shape. 

With the volume, the resistance-doubling tempera- 
ture and the resistance at 25°C thus selected, it is pos- to 
siWe even with a small number of components to 
reliably shut off the current to the auxiliary coil 2 within a 
normal start-up time of a motor (generally 1 - 10 sec- 
onds) and to also reduce the half-wave period under all 
conditions in the range of ambient temperature between 45 
-10and+100°C. 

Fig. 6 shows a motor-driving circuit incorporating 
another start-up circuit embodying this invention, using 
the same numerals as used in Fig. 1 to indicate the 
same or equivalent components. The circuit shown in so 
Fig. 6 is characterized in that a triac 7 is connected in 
series with the auxiliary coil 2, a triac-controBing PTC 
thermistor 8 being connected in parallel to this series 
connection of the auxiliary coil 2 and the triac 7 with one 
of the terminals of this triac-controlng PTC thermistor 8 ss 
being connected to the gate of the triac 7. In this exam- 
ple, too, use is made of a triac-controlling PTC thermis- 
tor 8 satisfying the condition that its resistance at 25"C 
be 300 - 3000ft its volume be 30-60mm 3 , and its resist- 



ance-doubling temperature be 70 - 125°C. The second 
embodiment of this invention shown in Fig. 6 is advanta- 
geous in that the start-up PTC thermistor 4 shown in 
Fig. 1 can be dispensed with and hence the circuit can 
be formed with a smaller number of components. 

Fig. 7 shows a motor-driving circuit incorporating 
sBII another start-up circuit embodying this invention, 
using the same numerals as used in Fig. 1 to indicate 
the same or equivalent components. The circuit shown 
in Fig. 7 is different from that of Fig. 1 only in that an 
additional resistor 13 is inserted between the gate of the 
triac 7 and another of its terminals on the side of the 
gate. 

Fig. 8 shows a motor-driving circuit incorporating 
still another start-up circuit embodying this invention, 
using the same numerals as used in Fig. 6 or 7 to indi- 
cate the same or equivalent components. The circuit 
shown in Fig. 8 is different from the one shown in Fig. 6 
only in that an additional resistor 13 is inserted between 
the gate of the triac 7 and another of its terminals on the 
side of the gate. 

The circuits shown In Figs. 7 and 8 are advanta- 
geous in that the current flowing to the gate G is 
reduced because a portion of the current through the 
triac-controlling PTC thermistor 8 is directed to the addi- 
tional resistor 13. This is equivalent to increasing the 
threshold value (the gate trigger current) at which the 
triac 7 is sure to be switched on. Thus, the shut-off time 
becomes somewhat shorter as compared to the corre- 
sponding circuit (shown in Fig. 1 or 6) without this addi- 
tional resistor 13. The half-wave period is also thereby 
shortened. Since this additional resistor 13 serves to 
reduce the gate current, as explained above, it also 
serves to prevent damage to the triac 7 when there is a 
rise in the voltage of the commercial power source 6. 

In these other circuits, too, it is preferred that the 
resistance at 25°C of the triac-controiling PTC thermis- 
tor 8 be 1000 - 2000ft its volume be 30 - 50mm 3 , and 
its resistance-doubling temperature be 85 - 1 10°C. 

Claims 

1, A motor start-up circuit incorporated in a motor- 
driving circuit having an auxiliary coil (2) which 
functions only during a start-up period of time of a 
motor (1) and a main coil (2) for carrying out a 
steady state operation of said motor (1), said motor 
start-up circuit comprising: 

a start-up thermistor (4) with positive tempera- 
ture characteristic and a Triac switch (7) con- 
nected in series with said auxiliary coif (2); and 

a triac-confrolflng thermistor (8) with positive 
temperature characteristic connected in paral- 
lel to said start-up thermistor (4). one of termi- 
nals of said triac-controlling thermistor (8) 
being connected to a gate terminal (G) of said 
Triac switch (7), said triac-controlling thermistor 
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(8) having resistance 300 - 3000 a at 25°C and 
volume of 30 - 60 mm 3 and doubling said 
resistance at 25°C at 70 - 125°C. 



The motor start-up circuit of claim 1 further com- 
prising an additional resistor (13) connecting said 
gate terminal (G) of said Triac switch (7) and 
anotherterminal of sad Triac switch (7) on the same 
side of said Triac switch (7) as said gate terminal 
(O). 

The motor start-up circuit of claim 1 wherein said 
triac-controlling thermistor (8) has resistance 1000 
- 2000 n at 25°C and volume of 30 - 50 mm 3 and 
doubles said resistance at 25°C at 85 - 1 10 o C. 



The motor start-up circuit of claim 2 wherein said 
triac-controlling thermistor (8) has resistance 1000 
- 2000 a at 25°C and volume of 30 - 50 mm 3 and 
doubles said resistance at 25 4 C at 85 - 1 10°C. 



5. A motor start-up circuit incorporated in a motor- 
driving circuit having an auxiliary coil (2) which 
functions only during a start-up period of time of a 
motor (1) and a main coil (2) for carrying out a zs 
steady state operation of said motor (1), said motor 
start-up circuit comprising: 

a Triac switch (7) connected in series with said 
auxiliarycoil(2);and so 

a triac-controlling thermistor (8) with positive 
temperature characteristic connected in paral- 
lel to said auxiliary coil (2) and said Triac switch 
(7), one of terminals of said triac-controlling 35 
thermistor (8) being connected to a gate termi- 
nal (Q) of said Triac switch (7). said triac-con- 
trolling thermistor (8) having resistance 300 - 
3000 Si at 25 , C and volume of 30 - 60 mm 3 and 
doubling said resistance at 25°C at 70 - KS°C. « 

6. The motor start-up circuit of daim 5 further com- 
prising an additional resistor (13) connecting said 
gate terminal (G) of said Triac switch (7) and 
another terminal of said Triac switch (7) on the 45 
same side of said Triac switch (7) as said gate ter- 
minal (G). 

7. The motor start-up circuit of claim 5 wherein said 
triac-controlling thermistor (8) has resistance 1000 so 
■ 2000 n at 25°C and volume of 30 - 50 mm 3 and 
doubles said resistance at 25°C at 85 - 1 10°C. 



8. The motor start-up circuit of claim 6 wherein said 
triac-controlling thermistor (8) has resistance 1000 ss 
• 2000 n at 25°C and volume of 30 - 50 mm 3 and 
doubles said resistance at 25°C at 85 - 1 10"C. 



6 



EP0 802 621 A1 



5 




FIG.l 

AMBIENT TEMPERATURE: 100X 




I i — ■ 1 , , — 

30 40 80 120 160 

VOLUME (mm 3) 



FIG.2 



EP0 802 621 A1 



15 




0 60 100 200 

VOLUME (mm 3 ) 



FIGJ 



EP 0 802 621 A1 




9 



EP 0 802 621 A1 




EP0 802 621 A1 




FIG.9 

(PRIOR ART) 




FIG.10 

(PRIOR ART) 



11 



EP 0 802 621 A1 



! 



SHUT-OFF 
TIME }* 



HALF-WAVE 
PERIOD 



FIG.11A 

( PRIOR ART) 




HALF-WAVE 



FIG.11B 



EP 0802 621 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



D,A 
D.A 



US 5 451 853 A (KAZUO 1T0H) 19 September 
1995 

column 3, line 62 - column 4, line 11; 
figures 1,2,4 * 
& JP 06 339 291 A 

PATENT ABSTRACTS OF JAPAN 
vol. 95, no. 8, 29 September 1995 
& JP 07 123759 A (YAH ADA DENKI SEIZO KK) , 
12 Hay 1995, 
abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 95, no. 3, 28 April 1995 
& JP 06 349603 A (HURATA MF6 CO LTD), 22 
December 1994, 
abstract * 

US 3 683 250 A (D.C.FRICKER) 8 August 1972 
* column 3, line 6 - line 9 * 
column 3, line 66 - line 68 * 

US 4 267 635 A (R.F.8LAHA) 19 Hay 1981 
" column 4, line 28 - line 57 * 



H02P1/42 



,2,5,6 
,5 




